Prosthetic cardiac valves implantation is a common procedure used to treat heart 15 valve diseases. Although there are different prosthesis already available in the market 16 (either mechanical or bioprosthetic), their use presents several problems, specifically 17 concerning thrombogenicity and structural failure. Recently, some progresses have 18 been achieved in developing heart valves based on synthetic materials with special 19 emphasis in polymers. Among them, polyurethanes are one of the most commonly 20 used for the production of these devices. 21
hydroxyethylmethacrylate (HEMA) either by Ultra-violet (UV) or by plasma 24 treatment. All films were analyzed before and after grafting. X-ray photoelectron 25 spectroscopy (XPS) measurements were used to evaluate TPU surfaces 26 functionalization. HEMA grafting was confirmed by the increase of the hydroxyl 27 (OH) groups' concentration at the surface of the films. Atomic force microscopy 28 (AFM) analysis was done to evaluate the surface topography of the biomaterials. 29
Results showed that the roughness of the surface decreased when HEMA was grafted, 30 especially for plasma treated samples. 31
After grafting the films' hydrophilicity was improved, as well as the polar component 32 of the surface energy, by 15 to 30%. Hydrophobic recovery studies using milli Q 33 water or PBS were also performed to characterize the stability of the modified 34 surface, showing that the films maintained their surface properties along time. 35
Furthermore, blood-contact tests were performed to evaluate haemolytic and 36 thrombogenic potential. The results obtained for HEMA grafted surfaces, using
Experimental 107

Materials 108
Bacterial strain Escherichia coli (E. coli) DH5α was purchased from ATCC. 109 A c c e p t e d M a n u s c r i p t 7 (PBS), streptomycin, and trypsin were acquired from Sigma-Aldrich (Sintra, 120 Portugal). 121
Methods 124
Films preparation 125
Elastollan ® 1180A50 films were prepared by solvent evaporation. Elastollan ® 1180A50 126 was dissolved in DMF to a 10% (w/v) TPU solution. This solution was poured into 127 glass Petri plates. Then, the Petri dishes were stored in an oven at 60 ºC, for 24 hours. 128
Subsequently, films were removed from the dishes and ultrasonically cleaned with 129 isopropyl alcohol for 15 minutes, prior to surface grafting experiments. 130 131
Argon plasma grafting 132
A laboratory and small-scale production plasma system FEMTO (low pressure 133 plasma), manufactured by Diener Electronics, with a stainless steel plasma chamber 134 of 100 mm diameter and 270 mm length, was used for the plasma surface 135 modification experiments. TPU films were placed at 80 mm from the electrode and 136 were plasma treated with Argon, in a pressure chamber of 0.6 mbar, for 3 minutes and 137 applying 100 Watt of power to the electrodes to generate the plasma [22] . Then, the 138 plasma-treated TPU films were dipped into a 10% (v/v) aqueous solution of HEMA 139 and introduced in an oven at 60 ºC, for 1 hour. Finally, the modified films (TPU-Ar-140
A c c e p t e d M a n u s c r i p t In both steps of the modification, films were irradiated using a Mineralight ® Lamp, 150
Model UVGL-48, in the 254 nm wavelength setting. This generated a power of 6 151
Watt and the samples were placed at a distance of 4 cm from the light source. 152 153 154
Characterization techniques 155
X-ray photoelectron spectroscopy 156
X-ray photoelectron spectroscopy (XPS) measurements were made with a VGS 157 ESCALAB 200A spectrometer with an Al K X-ray source. The operation conditions 158 were set to 15 kV. The binding energy scale was fixed by assigning a binding energy 159 of 285.0 eV to the -CH 2 -carbon (1s) peak. The samples were analyzed at a take-off 160 angle of 0º relative to the normal of the surface. The C1s and O2s envelopes were 161 analyzed and peak-fitted using a combination of Gaussian and Lorentzian peak shapes 162 obtained from the XPS peak 4.1 software. 163 
Haemolytic potential 197
The haemolysis tests were performed as described in the American Society for 198
Testing and Materials (ASTM) F 756-00 standard [24] . Samples with 21 cm 2 were 199 placed in polypropylene test tubes and 7 mL of PBS (10 M, pH=7.4) were added. 200
After 72 h of incubation, at 37 ºC, the PBS was removed and the samples were left to 201 dry. Then, 7 mL of PBS and 1 mL of diluted anticoagulated rabbit blood (ACD blood) 202 (10 mg/mL ± 1 mg/mL) was added to each sample. Positive and negative controls 203 were prepared by adding the same amount of ACD blood to 7 mL of water and PBS, 204
respectively. The tubes were placed at 37 ºC, for 3 hours, and gently inverted twice 205 every 30 minutes to maintain materials in contact with blood. After incubation, the 206 fluid was transferred to a suitable tube and centrifuged at 700-800 g, for 15 minutes. 207
The amount of haemoglobin (Hb) released by haemolysis was determined by 208 measurement of the optical densities of the supernatants at 540 nm using a 209 spectrophotometer UV-vis (Jasco V550). The percentages of haemolysis (HI) were 210 calculated as described in equation 1. 211 The evaluation of thrombus formation on films surfaces (n=3 for each sample) was 218 carried out using the gravimetric method of Imai and Nose [25] . Anticoagulated rabbit 219 blood was also used for this purpose. Before performing the tests, the films were 220 immersed in PBS solution (pH 7.4) at 37 ºC. After 48 h of incubation, the PBS was 221 Hereafter, cells were kept in culture at 37 °C in a 5% CO 2 humidified atmosphere, 238 inside an incubator. To evaluate cell behavior in the presence of the materials,A c c e p t e d M a n u s c r i p t 12 fibroblasts cells were seeded with materials in 96-well plates at a density of 10 × 10 3 240 cells per well, for 96 hours. Previously to cell seeding, materials were firstly sterilized 241 using UV radiation for 30 minutes. Cell growth was monitored using an Olympus 242 CX41 inverted light microscope (Tokyo, Japan) equipped with an Olympus SP-500 243 UZ digital camera [26] . 244 245
Characterization of the cytotoxic profile of the films 246
Human fibroblasts cells were seeded in the presence of materials, in 96-well plate, 247 with 100 µl of DMEM-F12 and following incubated at 37°C, in a 5% CO 2 humidified 248 atmosphere. After an incubation period (24, 48, 72 and 96 hours), cell viability was 249 assessed through the reduction of the MTS into a water-soluble formazan product. 250
Briefly, the medium of each well was removed and replaced with a mixture of 100 μL 251 of fresh culture medium and 20 μL of MTS/PMS reagent solution. Then, cells were 252 incubated for 4 hours at 37°C, under a 5% CO 2 humidified atmosphere. The 253 absorbance was measured at 492 nm using a microplate reader (Sanofi, Diagnostics 254 Pauster). Wells containing cells in the culture medium without materials were used as 255 negative controls (K -). Ethanol (96%) was added to wells that contained cells, as a 256 positive control (K + ) [27] . 257 258
Characterization of the antibacterial activity of PU materials 259
Resazurin metabolic assay 260
The resazurin assay was performed to evaluate bacterial growth in the presence of the 261 samples. Resazurin is a blue non-fluorescent and non-toxic dye that becomes pink and 262 fluorescent when reduced to resorufin by oxidoreductases within viable cells [28] .
A c c e p t e d M a n u s c r i p t 13 antibiotics. The following day bacteria were seeded in 96 well plates at density of 5 x 265 10 6 colony-forming unit (CFU)/mL under aseptic conditions. Then, 10 µL of 0.1% 266 resazurin solution were added to each well and the plate was incubated at 37 °C 267 during 1 to 4 hours. After, digital images of the plate were acquired to evaluate 268 bacterial growth using a Nikon digital camera (Nikon D50, Ayuthaya, Thailand). 269 270
Statistical analysis 271
The obtained results were expressed as the mean ± the standard error of the mean 272 (n=4). Statistical significance was calculated using a one-way analysis of variance 273 (one-way ANOVA) and differences between groups were tested by a one-way 274 ANOVA with Dunnets post hoc test [26] . 275 276 277
Results and Discussion 278
X-ray photoelectron spectroscopy 279
To evaluate the existing functionalities on TPU surfaces (before and after the 280 grafting), wide scan and high-resolution XPS spectra were recorded. This analysis 281 was performed 24 hours after the grafting procedures. The elemental composition of 282 the surfaces was calculated from the XPS spectra. 283
As expected, the oxygen content of the grafted surface increased due to the grafting of 284 HEMA's hydroxyl groups (OH). Figure 1 shows the different spectra obtained for the 285 unmodified and the HEMA grafted TPU. Here, the C1s peak can also be resolved in 286 three components: the hydrocarbon (C-C and C-H) peak at 284.5eV, the ether peakA c c e p t e d M a n u s c r i p t 14 increases after the grafting and due to the addition of more ether peaks and to the 289 addition of OH groups present in the HEMA monomer structure. The increase of this 290 peak is slightly higher when the UV grafting method was used. All these changes 291 suggest that the surfaces were successfully grafted. The same conclusion can be 292 inferred by looking at the O1s peak, which is resolved in two peaks: the C=O peak at 293 532 eV (which was already present in the untreated TPU) and the C-OH peak at 534 294 eV due to the hydroxyl groups [29] . From the differences observed in the peak areas 295 and the relative composition ratio based on the area of each peak presented in Figure  296 1 can be easily concluded that the plasma grafting method is more efficient than the 297 UV. Also, it can be implied that the graft density is higher for the plasma treated 298 surface since more OH groups are present on the surface as a consequence of the 299 grafting of HEMA. 300 301 302
Atomic force microscopy (AFM) 303
Materials surface topography was evaluated by AFM analysis. Figure 2 shows the 3-304 dimensional AFM images of unmodified TPU and grafted TPU. 305
It is known that a surface becomes smoother after grafting, when compared with its 306 original state, depending on monomer bounded to the surface [30] . Therefore, as 307 expected from the results obtained in XPS analysis, distinct surface topographies were 308 observed depending on the employed grafting method. The micrographs from Figure  309 2 show that when plasma is used, the resulting surface is smoother than when using 310 UV grafting treatment, which indicates that a higher graft density was obtained when 311 plasma was used for the grafting reaction. The higher graft density results in aA c c e p t e d M a n u s c r i p t 15 smoother surface. This difference between both grafting methods has already been 313 observed for the grafting of other monomers in previous works [31] . 314
The roughness of the materials surfaces was determined to better quantify the 315 differences between them. The average roughness (Ra) was calculated directly from 316 the AFM images in a 700 × 700 nm surface region. The obtained Ra results, presented 317 in Figure 2 , confirm that the roughness of the surface decreases when HEMA is 318 grafted, especially when the plasma method is used. 319 320 321
Water contact angle and surface energy measurements 322
It is widely recognised that surface energy is an important parameter affecting 323 From the hydrophobicity recovery profiles shown in Figure 3 , it can be seen that after 368 the grafting reactions, despite the storage medium, surfaces partially recovered their 369 hydrophobicity along time. The hydrophobicity recovery of a surface might be 370 explained by air contamination or even by surface rearrangements [30, 35, 36] . 371
Comparing both grafting methods, this recovery is more evident for surfaces grafted 372 by the UV method, suggesting that these surface modifications are not stable. When 373 comparing storage mediums, the air is more prone to allow the hydrophobicity 374 recovery, while milli Q water or PBS maintain the surface properties, meaning that 375 storing the grafted surfaces in PBS or milli Q water prevents surface rearrangements 376 and mainly eliminates air contaminations preventing the hydrophobicity recovery. Haemolysis is regarded as an especially significant screening test, once it provides 383 quantification of small levels of plasma haemoglobin that may not be measurable The results obtained herein show that the modifications performed on the TPU 448 surface did not affect cell integrity or viability, a fact that is crucial for the proposed 449 biomedical application, i.e., to be used as heart valves. The antimicrobial activity of TPUs was evaluated through a resazurin reduction assay. 456
As demonstrated in Figure 6 , TPU-Ar-HEMA presented bactericidal activity, whereas 457 unmodified TPU and TPU-UV-HEMA did not show any significant activity. Such 458 results are of crucial importance, because it seems that HEMA grafted TPU by plasma 459 treatment may contribute to avoid the biofilm deposition on this material once Table 1 
). 604
Each result is the mean ± standard error of the mean of three independent 605 experiments. Statistical analysis was performed using one-way ANOVA withM a n u s c r i p t 27 616 
